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Supplementary Figure 1 – Sequence alignment of the Antibiotic_NAT family. 

Sequences are grouped and shaded according to phylogenetic reconstruction in Figure 1. Includes 

meta-AAC’s, AAC(3) enzymes from clinical isolates, and sequences identified through BLAST 

searches of NCBI. Darker color or shading of amino acids indicates higher conservation.  Major 

and minor subdomains are indicated with solid and dashed black lines, respectively, above the 

sequence alignment. 
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AAC_3_IVa_WP_063840268.1                                             G         H           G                                  L   L  L V  G VLLV  S R V  L   P  LI A........MSSAVECNVVQYE.WRKAE IGQ LN   TP G     S F S RP ED  LG  E  
S_meliloti_WP_027993499.1                                            G         H           G                                  I   L  L V  G VLLV  S R V  V G P  VI A...............MTQQNE.SRTSE VDQ IA   KP G     C F S RP E   PS  A  

Rhodomicrobium_WP_088346198.1                                        G         H           G                              S   I   L  L V  G VLLV  S R A  V   P  LI A..................MPE.P QAE AGQ RA   AP G     M W A RP EA  LG  A  
metaAAC0016_AIA14255.1                                               G         H           G                              S   V   L  L V  G VLLV  S R V  I G P  LI A..MKRDYVLEQSLTFAATSRA.M AAE SSQ LA   RR G     T F A RP A   TG  D  

metaAAC0074_AMP57367.1                                               G         H           G                              S   V   L  L V  G VLLV  S R V  I G P  LI A.................MTEA.L RAE AAQ RR   KR G     T F A RP E   LG  E  
Sphingomonas_sp._WP_029724114.1                                      G         H           G                              S   L   L  L V  G VLLV  S R V  V G P  LI A..................MKV.T QAE VAQ RA   RE G     S F A RP E   LG  A  

metaAAC0018_AIA14757.1                                               G         H           G                              S   L   L  L I  G VLLA  S R V  V G P  LI A..................MKV.T QAE VAQ RA   RE G     S F A RP E   LG  A  
Allokutzneria_albata_WP_03043120.1                                    G         H           G                              S   L   L  L V  G VLVV  S R I  V G P  VI A....................M.T VQH TGQ RE   RE D     S F A RP E   LG  T  
Archangium_gephyra_WP_047855546.1                                    G         H           G                              S   V   L  L V  G VLLV  S R V  V G P  LI A..................MAE.M IEQ ATQ RT   RR G     T F A RP E   LG  A  

Cystobacter_fuscus_WP_043428585.1                                    G         H           G                              S   V   L  L V  G VLLV  S R V  I   P  LL A.................MRQQ.R VEE ATQ RA   RR G     T F A RP QD  LG  R  
Myxococcus_fulvus_SEU16843.1                                         G         H           G                              S   M   L  L V    VLLV  S R V  V G P  LV A.................MSDE.I QQQ EEQ RA   REAG     T F A RP E   LG  A  

Sorangium_cellulosum_KYF78036.1                                      G         H           G                              S   V   L  L V  G VLLV  S R V  I G P  LI A................MHG...P VSR VAE LA   RQ G     T F A RP E   LG  R  
Sorangium_cellulosum_WP_04498544.1                                    G         H           G                              S   V   L  L V  G VLLV  S R V  I G P  LI A..................MHE.P VSR VAE LA   RP G     T F A RP E   LG  R  

Stigmatella_aur._WP_013378336.1                                      G         H           G                              N   I   L  L V  G VLLV  S R V  V G P  LI A...........MTSAPGAFSI.V DPK EQD RT   RE G     T F A RP E   LG  G  
Sandaracinus_amyl._WP_053233315.1                                    G         H           G                                  V   L  L V  G VLLV  S R V  I G P  LI A......................MKREQ LTQ RA   RE G     T F A RP E   RG  A  

metaAAC0033_AIA17596.1                                               G         H           G                              S   V   L  L V    VLLV  S R V  V G P  LI A..................MTE.P VQE VEE RA   RECG     T F A RP E   LG  R  
metaAAC0022_AIA16407.1                                               G         H           G                              S   V   L  L V  G VLLV      V  V G P  LI A...............MMERET.I QKA TRQ LD   RP G     CAFSK RP E   LG  A  

AAC_3_IXa_WP_063840269.1                                             G         H           G                              T   I   L  L L  G VVI    M  IG V G    II A........MEEMSLLNHSGGP.V RSR KHD AD   KD D   F TR SA  Y A  TQT  G  
AAC_3_VIIa_WP_063840272.1                                            G         H           G                              T   L   L  L L  G  VM    M  VG V G P  VI A........MDELALLKRSDGP.V RTR ARD TA   GD DT  F TR SA  Y A   ET  G  

AAC_3_Xa_WP_012377682.1                                              G         H           G                              T   I   L  L L  G  VM    L  IG V G P  VI A........MDETELLRRSDGP.V RDR RHD AA   VP DT  F TR SA  Y S   QT  D  
AAC_3_VIIIa_WP_063856943.1                                           G         H           G                              T   L   L  L V  G  VMV   M  IG V G P  VI A........MDEKELIERAGGP.V RGR VRD EA   GA DT    TR SA  Y V   QT  D  

AAC_3_IIIa_WP_063840261.1                                            G         H           G                              T   L      L I  G ALML  SVK VG V G P  IL A..............MTDLNIP.H HAH VDAFQA   RA Q     A   A  A M   NV  Q  

metaAAC0008_AIA12232.1                                               G         H           G                              T   L   L  L L  G  VML  SVK VG V G P  IL A..............MSESNIP.F QTQ MDH KA   HA QT    A   A  P M   NT  Q  

P_aeruginosa_WP_023911614.1                                          G         H           G                              T   L   L  L V  G IIML  SVK VG V G P  IL A...............MSTTIS.H RSQ MNH NV   DE Q     S   A  A M   NA  Q  
metaAAC0030_AMP48516.1                                               G         H           G                              T   L   L  L V  G IVMV  SVK IG I G P  VV A.............MTDSNDHL.V HGQ VEE ET   AA Q     A   A  R M   NV  Q  

metaAAC0071_AMP57363.1                                               G         H           G                              T   L      L I  G  VML  SVK IG L G P  VI A.............MATPSERL.I KSA KTYFSA   SA QT    I   S  W V   EI  R  
AAC_3_IIIb_WP_088170001.1                                            G         H           G                              T   L   L  L L  G AIMV   V  VG L   P  II A.............MTSATASF.A RTS AAD AA   AW D     AA SR  R LD  DT  A  

AAC_3_IIIc_WP_063840263.1                                            G         H           G                              T   L   L  L L  G AVMV   V  VG L   P  II A........MFSRWSKPLVLAA.V RAS AAD AA   AA D     AA SK  R LD  DT  A  
Bosea_lupini_WP_091829703.1                                          G         H           G                              T   L   L  L L  G AVMV   V  VG L   P  II A.............MTSPPASF.V QAS AAD SR   AP D     AA SK  R LD  DT  A  

P_aeruginosa_WP_042854441.1                                          G         H           G                              T   L   L  L L  G AVMV   V  VG L   P  II A.............MTSPPASF.V RAS AAD SR   AP D     AA SK  R LD  DT  A  

Rhizobium_etli_WP_039618492.1                                        G         H           G                              T   L   L  L L  G MVMV   I  VG L   P  LI A...............MTVPHF.H RLS GQN QQ   RA D     AA SR  R LS  DV  D  

Devosia_insulae_WP_069908639.1                                       G         H           G                              T   L   L  I L  G AVLV   LR VG L   P  II A.................MAGV.A RSS ADD SA   AD D     AA  Q  K VN  DD  D  
Uncultured_AAL92107.1                                                G         H           G                              T   L   L  I L  G AVLV   LR VG I G P  II A................MTSRV.A RSS ADD SA   AD D     AA  Q  K V   DA  D  

metaAAC0038_AIA18843.1                                               G         H           G                              T   L   L  I L  G AVLV   LR VG I G P  IL A................MSSRV.S RSS AED RA   AD D     AA  K  K V   DD  D  
Uncultured_AAL92107.1                                                G         H           G                              T   L   L  I L  G AVLV   LR VG I G P  II A................MTSRV.A RSS ADD SA   AD D     AA  Q  K V   DA  D  

Inquilinus_limosus_WP_026870780.1                                    G         H           G                              T   L   L  I L     VMV   LR VG I G P  LI A................MPAEI.H RRT AAQ RE   GADDS    AG  S  R L   DA  D  
metaAAC0032_AIA17598.1                                               G         H           G                              T   L   L  L L  G IVMV  SLR VG V G P  V  A.....................ML RSS AAD AA   CS D     A   A  E A   DE HL  

AAC_3_-IIe_WP_163592000.1                                            G         H           G                              T   I   I  L V  G LLMV  SLK IG V G    VV A....................M.H RKA TEA RK   QT D     A   A  P E  AET  A  
metaAAC0043_ACT97599.1                                               G         H           G                              T   I   I  L V  G LLMV  SLK IG V G    VV A....................M.H RKA TEA RK   QT D     A   A  P E  AET  A  

Uncultured_AGC09640.1                                                G         H           G                              S   L   A  L I  G  LMV  SVR VG I G P  I  A....................M.H RAS VRD RS   SP DT    A   S  E A   DQ HL  
AAC_3_VIa_6BC2_WP_063840273.1                                        G         H           G                              S   L   L  L V  G MVM   SLR VG L   P  LV A.MTDPRKNGDLHEPATAPATP.W KSE VRQ RD   RS D   P V   A  P AD  QT  D  

Massilia_alk._WP_027865365.1                                         G         H           G                                  L   L  L V  G  LM   SLR VG L G P  LL A...............MRCLDL.LRKDI IRQ RA   GR DS  T V   A  P A   AA  E  
Niveispirillum_cy._WP_102114653.1                                    G         H           G                                  L   L  L I  G LVMV  SLK VG V G P  VV A..............MDSKITP.IDRAA VRD TN   VQ D     A   A  P I   AQ  E  

Hydrogenophaga_sp._WP_086125356.1                                    G         H           G                              T   L   L  L L  G  VMV  SLK LG V G    VA A.................MHTP.L RDQ VEQ RA   RS DT    A   A  P Q  AAD  H  
metaAAC0034_AIA17583.1                                               G         H           G                              T   L      L I  G  IMV  SLK IG V G P  IV A....................M.T KED VGDFGR   CD DT    A   A  P D   AM  E  

metaAAC0035_AIA17960.1                                               G         H           G                              T   L      L I  G  IMV  SLK IG V G P  IV A....................M.T KED VGDFGR   CD DT    A   A  P D   AM  E  
metaAAC0029_AMP47836.1                                               G         H           G                                  L   L  L V  G  IMI  SLK IG V G    VV A....................M.IGLDQ VDH QR   QA DT    A   A  P V  ASS  A  

metaAAC0070_AMP48506.1                                               G         H           G                                  L   L  L V  G  IMI  SLK IG V G    VV A....................M.IGLDQ VDH QR   QA DT    A   A  P V  ASS  A  
Ensifer_sp._KQW34869.1                                               G         H           G                                  I   L  L V  G LLMV  SLK IG V G P  IV  ....................M.NDKAT TGN RA   QS D     A   A  A E   RA  A S

AAC_3_IIg_WP_012695485.1                                             G         H           G                              T   I   L  L V  G LVMV  SLK IG V G    IV A....................M.N RET AAD SR   QS A     A   A  P D  AAS  S  
AAC_3_IIb_WP_033147097.1                                             G         H           G                              T   I   L  L V  G LIMV  SLK VG V G    VV A....................M.N IES TAD HG   RP D     A   A  P E  AAS  S  

Sinorhizobium_sp.GL2_KSV77101.1                                      G         H           G                              T   I   L  L V  G LVMV  SLK VG V G P  IV A....................M.K RTE TTD RQ   RT D     A   A  A K   AA  G  

Sinorhizobium_WP_058327775.1                                         G         H           G                              T   I   L  L V    LLMV  SLK IG V G    VV A....................M.H RRS TDA QK   QFAD     A   A  P E  AET  A  

AAC_3_IIc_CAA38525.1                                                 G         H           G                              T   I   L  L V  G LLMV  SLK IG V G    VV A....................M.H RKA TEA QK   QT D     A   A  P E  AET  A  
AAC_3_IIa_WP_063840264.1                                             G         H           G                              T   I   L  L V  G LLMV  SLK IG V G    VV A....................M.H QKA TEA QK   QS D     A   S  P E  AET  A  

BA2930_3E4F                                                          G         H           G                              T   I   L  L L  G  VIV  SL  IG I G    VV A..........MNDIVASTQLP.N IKT TND RK   KK MT    S  SS  W S  AVA  E  
BsYokD_2NYG                                                          G         H           G                              T   I   L  L L  G  VLV  SL  IG V G    VI A.........SLKKIVESTTFP.R KQS TED KA   KK MT    S  SS  W N  AVA  Q  

SrFrbF_3SMA                                                          G         H           G                              T   L   L  L V  G VLLV  SL  LG V G    VV AMIRHIDARREDLEPDRQDREL.V RDR ASD AA   RP G     A  SA  W C  AQA  L  
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AAC_3_IVa_WP_063840268.1                  G                                                        L  ALG   TLVM                                 FDP         GVV D   RA   PG     P.SWSG......................LDDEP   ATSPVTPDL   S T F
S_meliloti_WP_027993499.1                 G                                                        L  AIG   TLVM                                 FDP         GIV D   RA   PE     P.SWSG......................LDDEP   AATPATPDL   A T F

Rhodomicrobium_WP_088346198.1             G                                                        L  ALG   TLVM                                 FDP         GIV D   RE   PD     P.SMTG......................DDDAP   LTTPAGSDL   A L F
metaAAC0016_AIA14255.1                    G                                                        L  ALG   TLVM                                 FDP         GIV     RD   PE     P.SWSG......................LDDEP   LTTPSADDL   AQT F

metaAAC0074_AMP57367.1                    G                                                        L  ALG   TLVM                                 FD          GVV     RE   PD     PSWTE.......................LDDEP  ALTMPSARDL   AQT F
Sphingomonas_sp._WP_029724114.1           G                                                        L  ALG   TLAM                                 FDP         GIV     RA   PE     P.SATG......................EDDLP   ATTANREDL   PSL F

metaAAC0018_AIA14757.1                    G                                                        L  ALG   TLAM                                 FDP         GIV     RA   PE     P.SATG......................DDDLP   TTTANREDL   PSL F
Allokutzneria_albata_WP_03043120.1         G                                                        L  ALG   TLVM                                 YDP         GVV E   RT   SS     P.SMTGG.....................ENPEP   RQSPT.RDM   A T F

Archangium_gephyra_WP_047855546.1         G                                                        L  ALG   TLVM                                 FDP         GI  E   RS   ED     P.TMTDG.......................ESV   TSTPT.CDM  TA L F
Cystobacter_fuscus_WP_043428585.1         G                                                        L  ALG   TLVM                                 FDP         GI  E   RL   EK     PTMTDG........................ESL   ASTPT.HDM  TA L F

Myxococcus_fulvus_SEU16843.1              G                                                        L  ALG   TLVM                                 FDP         GI  E   RA   PR     P.TMTDG.......................ESV   RSTPT.TDM  TA L F
Sorangium_cellulosum_KYF78036.1           G                                                        L  ALG   TLVM                                 FDP         GI  E   RA   DD     P.TMTDG.......................QSV   RSTPT.SGM  TA T F

Sorangium_cellulosum_WP_04498544.1         G                                                        L  ALG   TLVM                                 FDP         GI  E   RA   DD     P.TMTDG.......................RSV   RSTPT.SGM  TA T F
Stigmatella_aur._WP_013378336.1           G                                                        L  ALG   TLVM                                 FDP         GI  E   QA   PT     P.TMTDG.......................ETV   RSTPT.EGM  TA V F

Sandaracinus_amyl._WP_053233315.1         G                                                        L  AIG   TLVM                                 FDP         GIV E   RD   RA     P.TMTDG.......................ESV   TSTPT.LDM   A T F
metaAAC0033_AIA17596.1                    G                                                        L  ALG   TLVM                                 YDP         GIV E   RE   AQ     P.TMTDG.......................ESV   RSTPS.EGM   A L F

metaAAC0022_AIA16407.1                    G                                                        L  ALG   TLVM                                 FD          GIV     RE   PA     P.SMAD......................DDEHP  ARQTPCLH.M   AQT F

AAC_3_IXa_WP_063840269.1                  G                                                        L  VVG   TLMV                                 YDP         G L E   LD   AR     PCGWNNAPPYDFLDWPRDWQDALR....AEHPA   DLSEADYNN R P A L

AAC_3_VIIa_WP_063840272.1                 G                                                        L  VVG   TLMV                                 YDP         G L E   RD   ER     TCGWNDAPPYDFTDWPQTWQDARR....AEHPA   VLSEADHNN R P A L
AAC_3_Xa_WP_012377682.1                   G                                                        L  VVG   TLLV                                 FDP         G L E   LD   PT     TCGWNDAPPYDFTDWPPAWQEAVR....AHHPA   RTSEAEHAN R P A L

AAC_3_VIIIa_WP_063856943.1                G                                                        V  AVG   TLMA                                 YDP         G V E   RD   AD     YCGWNDAPPYDLAEWPPAWREAAR....AEWPA   LLSEADRGN R P A L
AAC_3_IIIa_WP_063840261.1                 G                                                        L  AL    TLMM                                 FDP          VL E   MD  TPD     YAGWQDI.PDFIDSLPDALKAVYL....EQHPP   ATARAVRENS  A F L

metaAAC0008_AIA12232.1                    G                                                        I  VL    TLMM                                 FDP          IL E   LD  TPA     YAGWQDI.PDFLYELPEDVRQVYY....EHHPA   ATSRAVRDNS  V F F
P_aeruginosa_WP_023911614.1               G                                                        I   LG   TLMM                                 FDP          IL E   LDT  RD     YAGWQDI.PDFVLDLPIEARQVYY....DEHPP   ATARAVRDHS  A F L

metaAAC0030_AMP48516.1                    G                                                        L   L    TLMM                                 FDP         GIL E   LDT TPA     YVGWENI.PDFVSNLSPAVRQEYY....AEHPP   RIARAVRDH   A I V
metaAAC0071_AMP57363.1                    G                                                        L  LLG   TLMM                                 FDP          IL E   TE   DE     YTGWEDS.PYTMEGWSEEKKKVYL....QECPP   ETARAVVDWS  A M L

AAC_3_IIIb_WP_088170001.1                 G                                                        L   VG   TVLA                                 FDP         GVL E   RDT  PG     YADWEA..RYEDLVDDAGRVPPEWR...EHVPP   QRSRAIRDN   P F L
AAC_3_IIIc_WP_063840263.1                 G                                                        L  A     TILA                                 FDP         GVL E   SD GRPA     YADWEA..RYEDLVDEDGRVPQEWR...EHIPP   RRSRAIRDN   P F L
Bosea_lupini_WP_091829703.1               G                                                        L  AVG   TVLA                                 FDP         GVL E   CD   PQ     YADWEA..RYEDLLDDEGRVPPEWR...EHIPP   QRSRAIRDN   P F L

P_aeruginosa_WP_042854441.1               G                                                        L  AVG   TVLA                                 FDP         GVL E   CD   PA     YADWEA..RYEDLVDDEGRVPPEWR...EHVPP   QRSRAIRDN   P F L
Rhizobium_etli_WP_039618492.1             G                                                        L  AVG   TIVA                                 FDP         GV  E   RD   PS     YTDWNG..AYDELLDCDGRVPEEWR...AHIAP   ALSRAIRDN  FP F L

Devosia_insulae_WP_069908639.1            G                                                        L  VVG   TIL                                  FDP         G   E   RD   PA    GYCDWQ.......LEDELRDDSAMR....QHIAA   ERSRSTRDN YWP A L
Uncultured_AAL92107.1                     G                                                        L  VIG   TIL                                  FDP         G   E   RD   PA    GYCDWQ.......LEDELRDDPSMR....PHIAA   ERSRSTRDN YWP A L

metaAAC0038_AIA18843.1                    G                                                        M  VIG   TVL                                  FDP         G   E   RD   PA    GYADWQ.......LEDEIRDDPAMR....EHIPA   LRSRSIRDN FWP L I
Uncultured_AAL92107.1                     G                                                        L  VIG   TIL                                  FDP         G   E   RD   PA    GYCDWQ.......LEDELRDDPSMR....PHIAA   ERSRSTRDN YWP A L

Inquilinus_limosus_WP_026870780.1         G                                                        L  VIG   TILV                                 FDP         GAI E   HD   PG     YTDWSD..DYHDLLDDDGNVPAELR...DDIPP   ASSRARRFN   A L V
metaAAC0032_AIA17598.1                    G                                                        I  VI    TL M                                 FDP         GAL E   KD  TDR   F YASCPA...YVDEVGRGNLTPAEEAEVLETLPA   HTARSARDN   V M F

AAC_3_-IIe_WP_163592000.1                 G                                                        L  AVG   TVM                                  FDP         GLL     RS   PT    GYASWDRS.PYEETLNGARLDDKAR....RTWLP   ATAGTYRGF   NQF L

metaAAC0043_ACT97599.1                    G                                                        L  AVG   TVM                                  FDP         GLL     RS   PT    GYASWDRS.PYEETLNGARLDDKPR....RTWLP   ATAGTYRGF   NQF L

Uncultured_AGC09640.1                     G                                                        L  AL    TLMM                                 FD          GAL E   EE  TER     YASCPA..HYD.EVGRGNLTAEQEREVLEKLPA  AQTARSQREN   V L L
AAC_3_VIa_6BC2_WP_063840273.1             G                                                        L  AVG   NILA                                 FDP         GAI E   IE   PT     FVSWRDS.PYEQTLGHDAPPAAIA....QSWPA   DHAPAYPGF   N F I

Massilia_alk._WP_027865365.1              G                                                        I   VG   NLMA                                 FDP         GA  E   LAC  TA     YVSWSDS.PYEETLGQAAIPDAVR....DSWPA   VHAPSYPAF  FN F I
Niveispirillum_cy._WP_102114653.1         G                                                        L  AIG   TLLA                                 FDP         GML     LE   PA     FVSWDRS.PYEETLNGRTLSPRER....EDWPA   TRAGTYPGF   NAF I

Hydrogenophaga_sp._WP_086125356.1         G                                                        L   V    SLMA                                 FDP         GLL E   MDS SPG     YVSWDRS.PYEETLNGAQLGAAER....EAWPA   QTSGTYRGF   N F L
metaAAC0034_AIA17583.1                    G                                                        L  AVG   NLLA                                 FDP         GVL D   VD   QS     YVSWDRS.PYEETLNGRRLSDAER....EAWPA   ATAGAYRGF   N F I

metaAAC0035_AIA17960.1                    G                                                        L  AVG   NLLA                                 FDP         GVL D   VD   QR     YVSWDRS.PYEDTLNGRRLSDAER....EAWPA   ATAGTYRGF   N F I
metaAAC0029_AMP47836.1                    G                                                        L  AVG   TILA                                 FDP         GLL E   VE   NA     YASWDRS.PYEETLNGAELPDTER....RAWPA   ATAGTYRGF   N Y L

metaAAC0070_AMP48506.1                    G                                                        L  AVG   TILA                                 FDP         GLL E   VE   NA     YASWDRS.PYEETLNGAELPDTER....RAWPA   ATAGTYRGF   N Y L
Ensifer_sp._KQW34869.1                    G                                                        I  AVG   TLM                                  F P         GVL     LE   PN    GYASWDRS.PYDETLNGAQLSEERR....RNWPP H ETAGTYRGF   NQY L

AAC_3_IIg_WP_012695485.1                  G                                                        L  AVG   SLM                                  FDP         GLL     LD   PT    GYASWDRS.PYEETLNGARMDAELR....HRWPP   AISGTYRGF   NRF L
AAC_3_IIb_WP_033147097.1                  G                                                        L  AVG   TLM                                  FD          GLL     RA   SA    GYASWDRS.PYEETLNGARMDEELR....RRWPP  LATSGTYPGF   NRF L

Sinorhizobium_sp.GL2_KSV77101.1           G                                                        L  AIG   TLM                                  FDP         GLL     LD   SS    GYASWDRS.PYEETLNGVRMADEAR....RTWPP   ATARTYPGF   NQF L
Sinorhizobium_WP_058327775.1              G                                                        L  AVG   TVM                                  FDP         GLL     SS   PT    GYASWDRS.PYEETLNGARLDDEAR....RTWPP   ATAGTYRGF   NQF L

AAC_3_IIc_CAA38525.1                      G                                                        L  AVG   TVM                                  FDP         GLL     RS   PT    GYASWDRS.PYEETRNGARLDDKTR....RTWPP   ATAGTYRGF   NQF L
AAC_3_IIa_WP_063840264.1                  G                                                        L  AVG   TVM                                  FDP         GLL     RS   PT    GYASWDRS.PYEETLNGARLDDNAR....RTWPP   ATAGTYRGF   NQF L

BA2930_3E4F                               G                                                        L  VI    TIIM                                 FEP         G V E   ME  TEE     PTQSSDLSDPKHWSRPPVPEEWWQII.RDNVPA   HITP.TRAM K V C F
BsYokD_2NYG                               G                                                        L  VV    TIVM                                 Y           G I E   ID  TEE     PSQSVELSDPKEWGNPPVPEEWWDII.RESMPA NSNYTPTTRGM Q V L F

SrFrbF_3SMA                               G                                                        L  AVG   TLVM                                 FDP         GAV E   QD   KE     P.TFSGDLSDPSTWRRPPVPEDWWPVIREQMPP   DLTP.TRGM   A C F
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AAC_3_IVa_WP_063840268.1                             G                                   G            P V RS HP A  AAA   A  I             SPV R   L G VLLL VG D  T LWRL N K  A  F .F    PQ EQ ISDPLPLPPHSPA   A VHE D Q       H AN T  
S_meliloti_WP_027993499.1                            G                                   G              V RS HP A  AA    A  I             SPI R   L G VLLL V  D  T LWRLEN T  D  F .F  T PL AR TSDSLPLPPHAPA   G IHE D Q      EH SD T  
Rhodomicrobium_WP_088346198.1                        G                                   G            PGV RS HP A  AAI   A  I             SPV R   L G ILLL VG D  T LWRM   L  D  H .F    PR AA TADPLPLPPHIPA   G VHD G Q       H AN T  

metaAAC0016_AIA14255.1                               G                                   G            PGV RS H  A  AAV   A  V             SPV R   L G VLLL VG D  T LWRL   R  N FH .F    PQ EL TADPLPLPPHIPA   G VHD N Q       H AN T  
metaAAC0074_AMP57367.1                               G                                   G            PGV RS H  A  AA    A  I             SPV R   L G VLLL VG D  T LWRL   R  D FH .F  E PQ GV TADPLPLPPHIPA   G VHD D Q       H AN T  
Sphingomonas_sp._WP_029724114.1                      G                                   G            PGV RS H  A  AAI   A  I     V       S I R   A G ILLL VG D  T LWQQ   V  A FD .V    PE EW TGGPF LPPAAPG A D IRE G Q       H AN M  

metaAAC0018_AIA14757.1                               G                                   G            PGV RS H  A  AAV   A  I     V       S I R   A G ILLL VG D  T LWQQ   V  A FD .V    PM EW TGGPF VPPAAPG A D IRE A Q       H AN M  
Allokutzneria_albata_WP_03043120.1                    G                                   G            PGV R  HP  T AAV   A  I     L    G  SPV R   L G VLLL VG D  T MWRQ   L GD  TS F    RY QR VAPQP SPPH ED   G VHE G S       H AN T  
Archangium_gephyra_WP_047855546.1                    G                                   G            PGV RS HP  S AA    A  I     L    G  SPV R   L G VLLL V     T LWRQ   R  T  GG F  T PM ER CAPQP APPH PD   G VHE A Q      SHSED T  

Cystobacter_fuscus_WP_043428585.1                    G                                   G            PGV RS HP  S AA    A  I     L    G  SPV R   L G VLLL V     T LWRQ   R  T  GG F  E PL EL CAPQP SPPH PD   G VHE A Q      SHGEN T  
Myxococcus_fulvus_SEU16843.1                         G                                   G            PGV RS HP  S AAA   A  I     L    G  SPV     L G VLLL V     T LWRQ   V  T  GG F    PH VE CRPQP SPPH PD   GQVHA G Q      THSED T  
Sorangium_cellulosum_KYF78036.1                      G                                   G            PGV RS HP  S AAA   A  I     L    G  SP  R   L G VLLL V     T LWRQ   L  G  GG F    RF ER CAPQP SPPH PD  PG VHE G Q      THAEN T  

Sorangium_cellulosum_WP_04498544.1                    G                                   G            PGV RS HP  S AAA   A  I     L    G  SP  R   L G VLLL V     T LWRQ   L  G  GG F    PF ER CAPQP SPPH PD  PG VHE G Q      THAEN T  

Stigmatella_aur._WP_013378336.1                      G                                   G            PGV RS HP  S AA    A  I     L    G  SPV R   L G VLLL V     T LWRQ   L  T  GG F  S PL AR CEPQP SPPH PD   G VHS D Q      THSEN T  
Sandaracinus_amyl._WP_053233315.1                    G                                   G            PGV RS HP AS AA    A  I     L    G  SPV R   L G VLLL V     T LWRE   V  T  G  F  E PQ HA CAPQP SPPH VD   G VHE G Q      EHSES T  

metaAAC0033_AIA17596.1                               G                                   G             GV RS HP  S AA    A  I     L    G  SPV R   L G VLLL V     T LWRKE  L  D  GG F  E PL AR CATQP SPPH QD   G VYE G Q      THSED T  
metaAAC0022_AIA16407.1                               G                                   G            PGV RS  P A  AAA   A  I     V    G  SP  R   A G VLLL VG    T IWQL   R  DS H .F    SE ER TAPHP AVPH LD  PG VSE D Q       HGED T  

AAC_3_IXa_WP_063840269.1                             G                                   G            PGA RS HP AS AAL   A  L          G  TPL R     G VLLL AP D  T LPRW   I  R  D  F    PA AE MAEHPWDHPH PD   A LIAHS R       L TM L  
AAC_3_VIIa_WP_063840272.1                            G                                   G            PGA RS HP AS AAL   A  L          G  SPL R   M G VLLL AP E  T LRRR   V  R  D  F    AA TA TADHPWDDPH PD   A LVA G R       L AL L  
AAC_3_Xa_WP_012377682.1                              G                                   G            PGA RS HP VS AAL   A  L          G  SPL R   L G VLLL AP D  T LRRR   V  R  D  L    AS PA MDAHPWDDPH PG   A LVA G R       R TM L  

AAC_3_VIIIa_WP_063856943.1                           G                                   G            PGA RS HP AS VAV   A  L          G  SPL R   A G VLLL AP D  T LRHQ   V  R  D  F    PA HP MDDHPWDDPH PD   A LAG G R       L TL L  
AAC_3_IIIa_WP_063840261.1                            G                                   G            P V RS  P AS VAV   A  L     L    G  SPL K   I G VLML AP D  T LRTW C H  AN E  M    RQ AL TANHA DYGY VE   A LVA E Y       L TI L  
metaAAC0008_AIA12232.1                               G                                   G            PG  RS  P AS VA    A  I     I    G  SPL K   L G VVML AP D  T LRTW  TH  LN E  I  F AQ AS TQDHP NYGY AG   E LVG R L       L TI L  

P_aeruginosa_WP_023911614.1                          G                                   G            PGA RS  P AS VAL   A  L     L    G  SPL K     G VLML AP D  T LRTW   E  LN E  M    IQ KQ TQDHP DYGY AG   A LVEHK K       L TI L  
metaAAC0030_AMP48516.1                               G                                   G            PGA RS  P AS AAI   A  I     L    G  SPL K   A G VLML AP D  T LRGW   R  LN E  V    AR EW TQDHP NYGY AG   E LVA R Q       L TL L  

metaAAC0071_AMP57363.1                               G                                   G            PGA RS HP  S  AL   A  L     L    G  SPL K   L G VVLI  P    T LRKW   K  M  DG FC   KQ FF TNDHS KYGY VH   G LIA E K     S LNNV L  

AAC_3_IIIb_WP_088170001.1                            G                                   G            PG  RS  P AS VAL   A        L    G  SPL K   A G VLML AP D  T LRTT  TL  GN G  L    AK EWFTADHP DYGY EG   A LVE G K       L TL L  
AAC_3_IIIc_WP_063840263.1                            G                                   G            PGA RS  P AS V L   A        L    G  SPL R   A G VLML AP D  T LRTT   L  GN G  M G  AR EWFTADHP DYGY EG   A LVE G K       L TL L  
Bosea_lupini_WP_091829703.1                          G                                   G            PGA RS  P AS VAL   A        L    G  SPL K   A G ALML AP D  T LRTT   L  GN G  L    AK EWFTADHP DYGY AG   A LIE G K       L TL L  

P_aeruginosa_WP_042854441.1                          G                                   G            PGA RS  P AS VAL   A        L    G  SPL K     G VLML AP D  T LRTT   L  GN G  L    AK EWFTADHP DYGY AG   A LVEGG K       L TL L  
Rhizobium_etli_WP_039618492.1                        G                                   G            PGA RS  P AS AAI   A  L     L    G  SPL K   A G VLMV AP D  T LRTT   R  AN G  V    AR EW TADHP DYGY EA   A LVE G K       L TM L  
Devosia_insulae_WP_069908639.1                       G                                   G            PG  RS  P AS AAL   A        L    G  SPL K   A G VLML AP D  T LRTT  SL  GS G  M    GE EWFTADHA DYGY PQ   G LVE K K       L TM L  

Uncultured_AAL92107.1                                G                                   G            PGA RS  P AS AAL   A        L    G  SPL K   A G VLML AP D  T LRTT   L  GS G  M    GE EWFTADHA DYGY PQ   G LVE E K       L TM L  
metaAAC0038_AIA18843.1                               G                                   G            PGA RS  P AS AAI   A        L    G  SPL K   A G VLML AP D  T LRTT   L  AS G  M    GE EWFTADHA DYGY PR   G LVE K K       L TM L  

Uncultured_AAL92107.1                                G                                   G            PGA RS  P AS AAL   A        L    G  SPL K   A G VLML AP D  T LRTT   L  GS G  M    GE EWFTADHA DYGY PQ   G LVE E K       L TM L  
Inquilinus_limosus_WP_026870780.1                    G                                   G            PGA RS  P AS AAV   A        L    G  SP  R   A G VLML AP D  S LRTR   R  AN G  F    GR DWFTAGHA DYGY EQ  FA LVQ R K       L AM L  
metaAAC0032_AIA17598.1                               G                                   G            PG   N H  A  VV       L          G  S L R   L G VLLL    D  T LRTY  SRV V V. RF  W KHTDR LTPQPWDYPF HG L E FVE D K     SDH NV F  

AAC_3_-IIe_WP_163592000.1                            G                                   G            PGA RS HP AS VAV   A  L     L    G  SPV R   L G ALLL AP    T LVQA   R  A  D  M    PL ET TEPHE GHAL EG   E FVR G K       LNSV A  
metaAAC0043_ACT97599.1                               G                                   G            PGA RS HP AS VAV   A  L     L    G  SPV R   L G ALLL AP    T LVQA   R  A  D  M    PL ET TEPHE GHAL EG   E FVR G K       LNSV A  
Uncultured_AGC09640.1                                G                                   G            PG   N H  A  VV    A  L          G  S L R   L G ILLL    D  T LRTY  SVV D V. RF  R RH RH ISKQPWDYAF KD A D FVQ G K     CDH NV F  

AAC_3_VIa_6BC2_WP_063840273.1                        G                                   G            PG  RT HP AS AAI   A  L     M    G  SPI R     G IL I AG D  T LRTY  CR  A  D  M    PD AW VAPHE GAAY PR   A FLAHA K  S    P AV A  
Massilia_alk._WP_027865365.1                         G                                   G            PG  RS HP AS AAI   A  L     M    G  SPI R     G IL I AG D  T LRMH  CR  A  D  M    AD LW VAPHP DSAY PG   E LLHKR N  S    P AI A  
Niveispirillum_cy._WP_102114653.1                    G                                   G            P A RS HP AS A I   A  L     L    G  SPL R   A G VLLL AP D  T LASH N Y  A  D  M S  RL PM VTEHE GQAY PG   E FVA A C       L AV V  

Hydrogenophaga_sp._WP_086125356.1                    G                                   G            PGA RS HP AN AAI   A  L     L    G  SPL R   A G VLML AP D  T LCQL   V  A  D  M    AK HE VSEHA GEAY PG   E FVQ G Q       L SV V  
metaAAC0034_AIA17583.1                               G                                   G            PGA RS HP AS AAI   A  L     L    G  SPL R   M G VLML AP D  T LCGY   W  A  D  M    PR SE VRPHR GDAY PG   E FVS R R       L AV V  
metaAAC0035_AIA17960.1                               G                                   G            PGA RS HP AS AAI   A  L     L    G  SPL R   M G VLML AP D  T LCGY   W  A  D  M    PR SE VRPHR GDAY PG   E FVS R R       L AV V  

metaAAC0029_AMP47836.1                               G                                   G            PGA RS HP AS LAI   A  L     L    G  SPL R   L G VLLL AP D  T LRKW   L  G  D  M    AQ EY ISPHA GQAF PG   E FVK R K       P AV V  
metaAAC0070_AMP48506.1                               G                                   G            PGA RS HP AS LAI   A  L     L    G  SPL R   L G VLLL AP D  T LRKW   L  G  D  M    AQ EY ISPHA GQAF PG   E FVS R K       P AV V  
Ensifer_sp._KQW34869.1                               G                                   G            P A RS HP AS VAV   A  M     L    G  SPL R     G VLLL AP D  T LVDT D L  A  D  M    SL RE IEPHV GRAF QG   E FVKRG K       L AV V  

AAC_3_IIg_WP_012695485.1                             G                                   G            PGA RS HP AS VAV   A  L     L    G  SPL R     G VLLL AP D  T LLQT   R  A  D  M    PL GT TRPHE GQAF PG   E FVERA K       L SV V  
AAC_3_IIb_WP_033147097.1                             G                                   G            P A RS HP AS VAV   A  L     L    G  SPL R     G VLLL AP D  T LLEA D R  A  D  M    PL AT TEPHR GQAL EG   E FVGHG K       L SV V  

Sinorhizobium_sp.GL2_KSV77101.1                      G                                   G            PGA RS HP AS VAV      L     L    G  SPI R     G VLLL AP    T LVEA   R  A  D  M    PLSET IEPHR GQAL NG   Q FVEFR K       LNSV A  
Sinorhizobium_WP_058327775.1                         G                                   G            PGA RS HP AS VAV   A  L     L    G  SPI R   L G VLLL AP    T LVQA   R  A  D  M    PL EM TEPHE SHAL EG   E FVR G K       LNSV V  
AAC_3_IIc_CAA38525.1                                 G                                   G            PGA RS HP AS VAV   A  L     L    G  SPV R   L G ALLL AP    T LVQA   R  A  D  M    PL ET TEPHK GHAL EG   E FVR G K       LNSV A  

AAC_3_IIa_WP_063840264.1                             G                                   G            PGA RS HP AS VAV   A  L     L    G  SP  R   L G ALLL AP    T LVQA   R  A  D  M    PL ET TEPHE GHAL EG  NE FVR G K       LNSV A  
BA2930_3E4F                                          G                                   G            P V RS HP  S AA    A  I     L    G  SPL K   L G ILLI VG D  T VRTY N V  N  LG F  W RH EE TVNQS SMSL EE   R IYD D Y       Y SN S  
BsYokD_2NYG                                          G                                   G            P V RS HP  S VA       I     L    G  SPL K       VLLL A  D  T  RSY E K  N  NY F  W KHKNK LNQHP EFGL EQ   G LYIRESY      DF SS C F

SrFrbF_3SMA                                          G                                   G             GA RS HP  S AA    A  V     L    G  SPL     L G VLLL  G E  T  RRAA  V  G  QN F  W AH EQ VAEHG TERL RG   EQVYR D Q     C F SN S F
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AAC_3_IVa_WP_063840268.1          H  E                                                               A  MA VP          IL   G        E D                      A      L  L  K  ..YGVPRHCT  Q.D KLVRVDYL N H..............CCERFAL DRWL K
S_meliloti_WP_027993499.1         H  E                                                               A  IA VP          VL   G        E D                      A      L  L  K  ..YGVPRHCT  D.N KPIRVDYR N H..............CCQNFNL DAWL R
Rhodomicrobium_WP_088346198.1     H  E                                                               A  MA VP          VL   G        E D                      A      L  L  G  Y..RTPKHCT  R.E RALRIDYA N H..............CCERFAL DDWL R

metaAAC0016_AIA14255.1            H  E                                                               A  I  VP          VL   G        E                        A      L  L TS  Y.RTESY.IT  E.N QRVQIRYG NNH..............CCARFAL DTWL G
metaAAC0074_AMP57367.1            H  E                                                               A  IA VP          VL   G        E                        A      L  L  G  Y.RTPSY.CT  E.N RAKRIDYG NNH..............CCARFAM DDWL R
Sphingomonas_sp._WP_029724114.1   H  E                                                               A  L  AP R             G        E D                      A      L  L GG  Y SDYHYTRA....D VRV..DYG N S..............CCEKFAL DDWL R

metaAAC0018_AIA14757.1            H  E                                                               A  M  AP R             G        E D                      A      L  L GG  Y SDYHYTRA....D VRV..DYG N S..............CCEKFAL DDWL R
Allokutzneria_albata_WP_03043120.1 H  E                                                               A  LA VP          V                                             L  D  G  Y..QALDRAL RDGDEVREVLVTEPDH..............CCQGFSAADDWLR E
Archangium_gephyra_WP_047855546.1 H  E                                                               A  LA VP          VV   G        E D                      V      L  A  E  Y.SIEHPC..  EAN AVSTMMIP T H..............CCRGFNR DAPL R

Cystobacter_fuscus_WP_043428585.1 H  E                                                               A  LA VP          VV   G        E D                      L      L  A  G  Y.SVEHPC..  EVD AARTVMIA T H..............CCRRFQL DTPL R
Myxococcus_fulvus_SEU16843.1      H  E                                                               A  LA VP          VV   G        E D                      A      L  A  G  Y.SISHPC..  EVD VASTVDIA T H..............CCTGFRR DAWL R

Sorangium_cellulosum_KYF78036.1   H  E                                                               A  IA VP          VI   G        E D                      V      V  A  R  Y.SVAHPC..  EVD VARTAMIH T H..............CCRRFGL DGWL R
Sorangium_cellulosum_WP_04498544.1 H  E                                                               A  IA VP          VI   G        E D                      A      V  A  R  Y.SVAHPC..  EVD VARTAMIH T H..............CCRRFGL DGWL R

Stigmatella_aur._WP_013378336.1   H  E                                                               A  LA VP          VV   G        E D                      A      V  A  G  Y.SVSHPC..  EDN TAKTVLIA T H..............CCRGFRV DDWL R

Sandaracinus_amyl._WP_053233315.1 H  E                                                               A  IA VP          VV   G        E D                      M      L  S  R  Y.SVEHPC..  ELD AATTVMIP S H..............CCIGFRK DAWL R
metaAAC0033_AIA17596.1            H  E                                                               A  IA VP          VV   G        E D                      A      L  A  R  Y.SVSHPT..  VEE VVKTVLVA T H..............CCRRFRL DEWL R
metaAAC0022_AIA16407.1            H  E                                                               A  M  V  R        LL   G        E D                      V      V  N SG RY RKTHV...  HTD QVTRFDYG V H..............CCENFSQ DGWL D

AAC_3_IXa_WP_063840269.1          H  E                                                               A  LA V  K       PIL   G   W    D D                      I      H  A  D RS RFVTYEQ   V.N QRV RQFR I S.EEGAFDYST.VRRGVEPFEA ARDM L
AAC_3_VIIa_WP_063840272.1         H  E                                                               A  LA AP K       PIL   G   W    D D                      I      H  A  D  G RFVDYEQ   V.D ERV RRFH I S.EDGAFDYSALVPEGTEAFEI GRDM R
AAC_3_Xa_WP_012377682.1           H  E                                                               A  LA AP K       PI    G   W    D D                      I      H  A  Q  G RFVTYEQ  EV.A ERV RTFR I S.EHGAFDYSSAVPEGQDPFAV VGSM L

AAC_3_VIIIa_WP_063856943.1        H  E                                                               A   A AP K       PV    G   W    D D                      I      H  AR E  G RFVAYEQ  TV.G RRV RRFR V T.SRGVPYGRV.VPEGVVPFTV AQDM L
AAC_3_IIIa_WP_063840261.1         H  E                                                               A  LA M  K       PIL   G   W    D D                      I      H  Y  K RH NVVRYPC   R.D RKV VTVE Y T..GDPHDDYS........FEQ ARDY V
metaAAC0008_AIA12232.1            H  E                                                               A   A L  K       PIL   G   W    D                        I      Y  WR K RH NVIHYPC   Q.E KKV IEVE YNT..GDHHDDYT........FEE AHEY L

P_aeruginosa_WP_023911614.1       H  E                                                               A   A M  K       PIL   G   W    D D                      I      Y  NR R AH NIVRYQC   R.D QKV VDVE Y T..GKEHADYT........FDG ARAY V
metaAAC0030_AMP48516.1            H  E                                                               A   A M  K       PIL   G   W    D D                      I      Y  NR R RN RVIRYSC   R.M ERV VEIE Y T..GEPHGDYT........FDG AREY L
metaAAC0071_AMP57363.1            H  E                                                               A   A IP K       PML   G   W    E D                      L      H  DR N  G RIVTYKV   VAN QAE VEVE Y T.SKSIVDWYT.....GDYFLE MNQY L

AAC_3_IIIb_WP_088170001.1         H  E                                                               A  LA IP K       P A   G   W    E D                      I      H  H  D  G RIKRIEV F TPT .TQ RMIE F T.GDPIVAGLA.....EDYFAG VTEF L
AAC_3_IIIc_WP_063840263.1         H  E                                                               A  LA IP K       PLA   G   W    E D                      I      H  H  D  G RIRRIEV   TPT .TQ RMIE F T.GDPIVEGLA.....EDYFAE VTAF L

Bosea_lupini_WP_091829703.1       H  E                                                               A  LA IP K       PLA   G   W    E D                      I      H  H  D  G RIRRLEV   TPT .AQ RMIE F T.SDPIVAGLD.....DDYFAG VTEF L
P_aeruginosa_WP_042854441.1       H  E                                                               A  LA IP K       PLA   G   W    E D                      I      H  H  D  G RIRRLEV   TPT .AQ RMIE F T.SDPIVAGLD.....DDYFAG VTEF L
Rhizobium_etli_WP_039618492.1     H  E                                                               A  L  IP K       P A   G   W    E D                      I      H  H TP  G RLRRYEA F TPA .VV RMLE F T.SEPVVDGLE.....SDYFAR VTEF L

Devosia_insulae_WP_069908639.1    H  E                                                               A  LA  P K       PIL   G   W    E D                      I      H  H  DF N RILRYEA   V.D ETV RWFE F T.GDPPDGLP......EDYFAT VEAF L
Uncultured_AAL92107.1             H  E                                                               A  LA  P K       PIL   G   W    E D                      I      H  H  DF N RILRYEA   V.D ETV RWFE F T..SEPPDGLP.....EDYFAT VEAF L

metaAAC0038_AIA18843.1            H  E                                                               A  LA  P K       PIL   G   W    E D                      I      H  H  DF N RILRYEA   V.D EKV RWFE F T..SDPPDGLA.....DDYFAG VEEF L

Uncultured_AAL92107.1             H  E                                                               A  LA  P K       PIL   G   W    E D                      I      H  H  DF N RILRYEA   V.D ETV RWFE F T..SEPPDGLP.....EDYFAT VEAF L
Inquilinus_limosus_WP_026870780.1 H  E                                                               A  LA IP K       PIL   G   W    E D                      V      H  H  R  G RVVRYEA   V.D RTV RRFE F T.SDPIVDGLP.....EGYFAT VEDF L
metaAAC0032_AIA17598.1            H  E                                                               A  IA IP K       PVL   G   W    E D                      L      Y  H  D  D CIARFKV   E.N VRV REMA V TSSQGAHASWP.....DRFFAI VDSY L

AAC_3_-IIe_WP_163592000.1         H  E                                                               A  VA IP K       PML   G   W    E D                      I      Y  A  D  N RWVTYEM   GRN EVA KTAS Y S..NGILDCFA.IEGKPDAVET ANAY V
metaAAC0043_ACT97599.1            H  E                                                               A  VA IP K       PML   G   W    D D                      I      Y  A  D  N RWVTYEM   GRN EVA KTAS Y S..NGILDCFA.IEGKPDAVET ANAY V
Uncultured_AGC09640.1             H  E                                                               A  IV IP K       PVL   G   W    E D                      I      Y  H  D  G RVSRFKV   V.N ERV RDME F T.SEAAHPSWP.....DRFFAR VDGY L

AAC_3_VIa_6BC2_WP_063840273.1     H  E                                                               A  VA I  K       PLL   G   W    D D                      I      Y  A  R EG RRVTYSM   R.E KRV VTTS W S..NGILDEYA.APDGPDAVER ARDY L
Massilia_alk._WP_027865365.1      H  E                                                               A  VA IP K       PLL   G   W    D D                      I      Y  A  R  G RRVSYSM   DEE KRV VTAS W S..NGILDEYA.QPGQADAVER ARDY L
Niveispirillum_cy._WP_102114653.1 H  E                                                               A  VA IP K       PIL   G   W    D D                      I      Y  A  R  G RRVRYEM   DAG RKV VPVD F S..NGILDCYA.VPGQSDAVER ARDY L

Hydrogenophaga_sp._WP_086125356.1 H  E                                                               A  IA IP K       PVL   G   W    E D                      I      Y  A  D  G RRVSYEQ   DEH RKV RCAD W S..NGILDCFS.EEGAMDAVET ARAY A
metaAAC0034_AIA17583.1            H  E                                                               A  LA IP K       PLL   G   W    E D                      I      Y  A  D  D RLVTYEM   DSS KKV QTAK F S..NGILDCFA.VEGQPDAVEQ ATDF V

metaAAC0035_AIA17960.1            H  E                                                               A  LA IP K       PLL   G   W    E D                      I      Y  A  D  D RLVTYEM   DSS KKV RTAK F S..NGILDCFA.VEGQPDAVEQ ATDF V
metaAAC0029_AMP47836.1            H  E                                                               A  IA IP K       PVL   G   W    D D                      I      H  A  Q  N RRVTYLM   E.A QKE RRAE F S..NGILDCFA.VDGEMDAVET ARLY M
metaAAC0070_AMP48506.1            H  E                                                               A  IA IP K       PVL   G   W    D D                      I      H  A  L  N RRVTYLM   E.A QKE RRAE F S..NGILDCFA.VDGEMDAVET ARLY M

Ensifer_sp._KQW34869.1            H  E                                                               A  IA IP K       PLL   G   W    D D                      I      Y  A  E  G RRVTYEM   DPQ QTI AHTE F S..NGILSCFA.IDGEPDAVET ANAY V
AAC_3_IIg_WP_012695485.1          H  E                                                               A  IA IP K       PI    G   W    D D                      I      Y  A  R  N RRVSYEM  RSED GVR KRAE F S..NGILDCFA.IEGEPDAVET TNAY V
AAC_3_IIb_WP_033147097.1          H  E                                                               A  IA IP K       PML   G   W    D D                      I      Y  A  P  N RRVTYEM   GPD RVR ELAE F S..NGILDCFA.VDGKPDAVET AKAY V

Sinorhizobium_sp.GL2_KSV77101.1   H  E                                                               A  IA IP K       PLL   G   W    D D                      I      Y  A  D  G RRVTYEM   SPN ETV ETAE F T..NGILDRFA.VAGQADAVET ANAY V
Sinorhizobium_WP_058327775.1      H  E                                                               A  IA IP K       PMV   G   W    D D                      I      Y  A  D  G RRVTYEM   GSD KVV KTAA F S..NGILDCFA.IEGKPDAVET ANAY V
AAC_3_IIc_CAA38525.1              H  E                                                               A  VA IP K       PML   G   W    D D                      I      Y  A  D  N RRVTYEM   GSN EVA KTAS Y S..NGILDCFA.IEGKPDAVET ANAY V

AAC_3_IIa_WP_063840264.1          H  E                                                               A  VA IP K       PM    G   W    D D                      I      Y  A  D  N RWVTYEM  PGRD EVA KTAS Y S..NGILDCFA.IEGKQDAVET ANAY V
BA2930_3E4F                       H  E                                                                     A          PII   G   W    D D                      I      LS VRSG ..CELIKVGA   E.N ERV KEFV M Y..............DSDKFVE GVEF E
BsYokD_2NYG                       H  E                                                               A     IP         PII   G   W    E E                      V      L  Y..R  YQKIINRGA   V.E KRV KEYK L F..............REELFQE GQAF E

SrFrbF_3SMA                       H  E                                                               A      P R       PV        W    D                        M      L  YRTAY G RSHRRRV  PE.GDRVR VEQE IVY..............FEEDFQT GESC L



 

        220       230       240       250       260              

AAC_3_IVa_WP_063840268.1               K  G VG A   L     IV   L  L      F                          EKSLQ .E P  H FAR IRSRD  ATA GQ GRDPLI LHPPEAGCEECDAARQSIG...... .
S_meliloti_WP_027993499.1           G  R  G VG A   L     IV      L      F                          RE LQ .E P  H HAR IRSRD  RIASDR ARDPLV LHPIEAACEECDAARQSAGCAPRST S

Rhodomicrobium_WP_088346198.1       G     G VG A   L  A  V    L  L      F                          AR LQS.E R  R HAR FR RH TEAA GH AAEPLL LHRAGAHCPACDAARQSTSG..... .
metaAAC0016_AIA14255.1              G     G VG A   L  A  IV   V  L      F                          DA RQA.E Q  H HAR AD RD  ALA ER VADPLL LHAPEAGCPECVEARQSVSVGEPIR N

metaAAC0074_AMP57367.1              G       VG A   L     IV   L  L      F                          AR LQT.EAR  Q DAR SRSCD  SVA EY SMNPLL LHPVGAGCDECDEARQTAGAAPFIK N
Sphingomonas_sp._WP_029724114.1     G     G IG A   L  V  LI   V  V      F                          AE LQC.E R  N DSR FD ED  RVA PR QADPLV LHGSE.GCEECDEARESLSR..... .

metaAAC0018_AIA14757.1              G  R  G IG A   L  A  LI   V  L      F                          AE LQ .E R  N HAR IE ED  RVA PR RADPLV LHGADQGCEECGEARESLSR..... .
Allokutzneria_albata_WP_03043120.1                        V                                         DGAQR.EGRVGNAEARLFAARDL RTVVPRLTADPLRFLCAEGSGCEDCDDARRSARHP..... .

Archangium_gephyra_WP_047855546.1   G  H  G VG A   L     IV   L  L      F                          AR LQ .E L  H QAR CDSRD  SVA GL APDPLV LCPPEEHCEECDQARASVKTRGGVR N
Cystobacter_fuscus_WP_043428585.1      H  G VG A   L     VV   L  L      F                          ARALQ .E L  H LAR CDSRD  AVA EL ASEPLL LCPPEEHCEECDVARASLRAT.... .

Myxococcus_fulvus_SEU16843.1        G  R  G VG A   L  A  IV   M  L      F                          AR LQ .E K  H DAR AD RD  AVA EQ ATDPLV LCGPDAGCEECTLARDSVSR..... .
Sorangium_cellulosum_KYF78036.1     G     G VG A   L     LV   V  L      F                          GR LQQ.E R  S HAR CASRD  AVA EH AKSPLV LCPPDEGCDECDAARASVPADAARG E

Sorangium_cellulosum_WP_04498544.1   G     G VG A   V     LV   V  L      F                          ER LQQ.E R  R HAR CASRD  AVA EH AKSPLV LCPPDEGCDECDAARASVPAGGARR E

Stigmatella_aur._WP_013378336.1     G  R  G VG A   L  A  LV   V  L      F                          PR LQ .E Q  N HAR CN RD  RLA EH AADPLT LCAPETGCEECDAAHASIPAGVRR. .

Sandaracinus_amyl._WP_053233315.1      R  G VG A   L  A  VV   L  L      F                          ARDLQ .E P  S HAR CD RD  RIA ER ASDPLT LCGAGARCEECDRARASIAAE.... .
metaAAC0033_AIA17596.1              G  R  G VG A   L  A  IV   V  L      F                          AK LQ .E K  S TAR AD KH  AVA ER AADPIV LCPPSEACEECDLARASIK...... .

metaAAC0022_AIA16407.1                 R  G VG A   L     II      L      F                          AQSMQ .R K  H DAR ARSRD  AVASAQ RENETV LHPPGIDA.ECDEARASIPQES... .
AAC_3_IXa_WP_063840269.1            G  R  G VG A   L  A  V    I  I                                 SA IG .Q R  A DSY FD GP FNFA NW ...EAKLKR....................... .

AAC_3_VIIa_WP_063840272.1           G  R  G VG A   L  A  VV   V  M                                 AA IG .R T  A DSH FE RD  DFG AW ...EEKLGRERGPGG................. .
AAC_3_Xa_WP_012377682.1             G  R  G VG A   L  A  AV   V  I                                 AA IG .E F  A RSR FD AP  EFG RW ...EEHLNRDR..................... .

AAC_3_VIIIa_WP_063856943.1          G  R  G V  A   L  A  VV   V  I                                 AA IG .T R AA PVH FE AD  RFG EW ...ESRMGGAAGGA.................. .

AAC_3_IIIa_WP_063840261.1           G     G VG A   L  A  L    V  L      F                          AQ GGT.R K  D DAY FA QD TRFA QW ...ESR GDSASYG.................. .

metaAAC0008_AIA12232.1              G     G VG A   V  A  L    V  L      F                          AQ KTS.H T  D DTY FD AD SEFA QW ...EAR GA....................... .
P_aeruginosa_WP_023911614.1         G     G VG A   L  A  LA   I  L      F                          AE RGT.Q S  N ESY FD AD  AFA TW ...EVR G........................ .

metaAAC0030_AMP48516.1              G  R  G IG A   L  A  L    I  L      F                          AQ KG .Q T  H PSY FD AD STFA AW ...EER GETT..................... .
metaAAC0071_AMP57363.1                      VG A   L  A  L       M                                 ADFKIV.SRK  N RSY LD AH NSYARAW ...EKHLSRRPD.................... .

AAC_3_IIIb_WP_088170001.1           G  R  G IG A   L  A  I    V  L      F                          AS QG .Q L  A PSV VD AA TAFG TW ...EKR GTPSP.................... .
AAC_3_IIIc_WP_063840263.1           G  R  G IG A   L  A  I    V  L      F                          AG RG .Q L  T PSV VD AA TAFG AW ...ESR GSPSS.................... .

Bosea_lupini_WP_091829703.1         G  R  G IG A   L  A  I    V  L      F                          AA EG .Q L  A HSV VE AA TAFG DW ...ESR GSS...................... .
P_aeruginosa_WP_042854441.1         G  R  G IG A   L  A  I    V  L      F                          AA EG .Q L  A HSV VE AA TAFG DW ...ESR GSSSLRL.................. .

Rhizobium_etli_WP_039618492.1       G     G IG A   L  A  I    V  L                                 AG QGA.Q P  E PSV VD AS CSFA AW ...EQHVQPEN..................... .
Devosia_insulae_WP_069908639.1      G  K  G VG A   L  A  VV   V  L      W                          AT RG .R K  E NSV VP PE  AFG DW ...E.R GKGL..................... .

Uncultured_AAL92107.1               G  K  G VG A   L  A  MV   V  L      W                          AT RG .R E  E SSV VP AA  AFG DW ...E.R GKTL..................... .
metaAAC0038_AIA18843.1              G  K  G IG A   L  A  IV   V  L      W                          AT RG .R K  E SSV VP DE  AFA DW ...E.R GRTARR................... .

Uncultured_AAL92107.1               G  K  G VG A   L  A  MV   V  L      W                          AT RG .R E  E SSV VP AA  AFG DW ...E.R GKTL..................... .
Inquilinus_limosus_WP_026870780.1   G     G IG A   L  A  MA   V  L      F                          AA GGA.R T  A PSV VP AE  DFA RW ...ESR GDPQRSGAASV.............. .

metaAAC0032_AIA17598.1                 R  G VG A   L  A  LL   L  M                                 AATNN .G R  R ESY FS RG  EHA PK ...EAIARPRR..................... .
AAC_3_-IIe_WP_163592000.1           G  R  G VG A   L  A  IV   V  L      F                          KL RH .E V  F QCY FD QD  TFG TY ...EKH GATPIVPAHEAAQRSCEPSG..... .

metaAAC0043_ACT97599.1              G  R  G VG A   L  A  IV   V  L      F                          KL RH .E V  F QCY FD QD  TFG TY ...EKH GATPIVPAHEAAQRSCEPSG..... .
Uncultured_AGC09640.1                  R  G LG     V  A  LL   L  M                                 EKTNN .G V  DSQSY ID RG  EHA QE ...KRQAT........................ .

AAC_3_VIa_6BC2_WP_063840273.1             G VG A   L  A  IV   I  L                                 ARTRVA.Q P  G QSR ID AD  SFG EW ...EARHAAPAAAALKPKQRRD.......... .
Massilia_alk._WP_027865365.1        G  R  G VG A   L  A  IV      L                                 AL RH .E Q  R VAR ID ND  RFGQAW ...ERRHVNRK..................... .

Niveispirillum_cy._WP_102114653.1      R  G IG A   L  A  LV   I  L                                 GEKRH .T R  N DSY LS PD  RYG DW ...ERRHPSV...................... .

Hydrogenophaga_sp._WP_086125356.1   G  R  G VG A   L  A  IV      L      F                          SE RH .T R  R DCH FD QD  AFGKGW ...EAR R........................ .

metaAAC0034_AIA17583.1              G  R  G V  A   L  A  LV   V  L      F                          RL RC .Q R AN DCF FD VQ  DFG RW ...ERR GATRQGSRAG............... .
metaAAC0035_AIA17960.1              G  R  G V  A   L  A  LV   V  L      F                          RL RY .Q R AN DCF FD VQ  DFG RW ...ERR GATRQGSRAG............... .

metaAAC0029_AMP47836.1              G  R  G IG A   L  A  IV   V  L      F                          SE HA .S R  A NSY IE ER  QYG RW ...ERL GRNGSLLPEK............... .
metaAAC0070_AMP48506.1              G  R  G IG A   L  A  IV   V  L      F                          SE HA .S R  A NSY IE ER  QYG RW ...ERL GRNGSLLPEK............... .

Ensifer_sp._KQW34869.1              G  R  G V  A   L  A  IV   V  L      F                          LL RH .E P AR HSY FD KD  EFG EY ...ERN GAAGLT................... .
AAC_3_IIg_WP_012695485.1               R  G VG A   L  A  IV   V  L      F                          ELRRH .E L  Q HCY FE RD  SFG DY ...QRH GSP...................... .

AAC_3_IIb_WP_033147097.1            G  R  G VG A   L  A  IV   V  L      F                          EL RH .E I  R PSY FE QD  SFG TY ...EQH GAP...................... .
Sinorhizobium_sp.GL2_KSV77101.1        R  G VG A   L  A  IV   V  L      F                          ATSRH .S T  D FCH FD RD  SFG TY ...ESR GKGA..................... .

Sinorhizobium_WP_058327775.1        G  R    VG A   L  A  IV   V  L      F                          KL RH .GDI  C QCH FD QD  SFG TY ...EQH GTAPLMSAYEPAERSCEPSG..... .
AAC_3_IIc_CAA38525.1                G  R  G VG A   L  A  IV   V  L      F                          KL RH .E V  F QCY FD QD  TFG TY ...EKH GTTPIVPAHEVAECSCEPSG..... .

AAC_3_IIa_WP_063840264.1            G  R  G VG A   L  A  IV   V  L      F                          KL RH .E V  F QCY FD QD  TFG TY ...EKH GTTPIVPAHEAIERSCEPSG..... .
BA2930_3E4F                         G     G IG A   L     IV                                        QK TVT.M K  N KCR MKQRD  DFGTEWF...RKKN......................... .

BsYokD_2NYG                            K  G VG A   L  L  AV                                        AEHNM .V K  S NCR FS TE  DFAEKWFINNDSKNIKK...................... .
SrFrbF_3SMA                            H  G VG A   L      V      M                                 TRTPG SR T  E AAV YGQRAF DLACEW ...TAHRDLARAVGA................. .
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Supplementary Figure 2 – Structural analysis of Group 4 AAC(3)-IIb vs. AAC(3)-VIa. 

 

 

a) Superposition of overall structures. b) Zoom of active sites, sisomicin and CoA are shown 

in ball-and-stick representation. 
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Supplementary Table 1. Aminoglycoside susceptibility of E. coli harboring Antibiotic_NAT 

genes 

E. coli BW25113 ∆tolC∆bamB expressing individual Antibiotic_NAT genes under the control of 

the Pbla promoter in vector pGDP3. Shown are MIC values in μg/mL grouped and coloured as in 

Figure 2.  Raw data used to derive this table is shown in Supplementary Data 1. 

 
 Group 1 

 
Control 

Meta-

AAC0016 

Meta-

AAC0018 
HMB0022 HMB00033 AAC(3)-IVa 

APR 
4 > 256 > 256 > 256 > 256 > 512 

TOB 
0.5 > 256 > 256 > 256 > 256 ≥ 64 

GEN 
0.25-0.5 ≥ 256 128-256 64 ≥ 256 > 512 

KAN 
2 128-256 64-128 8 32 64 

AMI 
1-2 1-2 1 1-2 1 1 

NEO 
1 64 128 8-16 64-128 64-128 

PAR 
2 > 256 128 16 64-128 128-256 

 

  Group 2 

  
AAC(3)-

VIIa 
AAC(3)-

VIIIa 
AAC(3)-IXa AAC(3)-Xa 

APR  ND ND 4 2-4 

TOB  ND ND ≤ 0.5 16-32 

GEN  ND ND ≤ 0.5 8 

KAN  ND ND 2 64-128 

AMI  ND ND 1 1 

NEO  ND ND 1 1 

PAR  ND ND 2 4 

 

 



  Group 3  

  
Meta-

AAC0008 

Meta-

AAC0030 

Meta-

AAC0038 

Meta-

AAC0071 
AAC(3)-IIIa AAC(3)-IIIc AAC(3)-IIIb 

APR  16-32 16 32-64 4-8 8-16 ND 8 

TOB  > 256 > 256 > 256 > 256 > 256 ND > 256 

GEN  > 256 > 256 > 256 > 256 > 256 ND > 256 

KAN  > 256 > 256 > 256 > 256 > 256 ND > 256 

AMI  1 1-2 1-2 1-2 1 ND 0.5 – 1 

NEO  > 256 64-128 256 1 128-256 ND 256 

PAR  > 256 > 256 > 256 4 > 256 ND > 256 

 

   Group 4  

  
Meta-

AAC0029 

Meta-

AAC0032 

Meta-

AAC0035 

Meta-

AAC0043 

Meta-

AAC0070 

 

 

 

AAC(3)-IIa AAC(3)-IIb AAC(3)-IIc AAC(3)-VIa 

 

 

 

Meta-

AAC0034 

  

APR  4 2-4 8 4 ND 8 16-32 2 4 
8 

TOB  64 4-8 > 256 32-64 ND > 64 > 256 64 - 128 8 
> 256 

GEN  > 64 64 > 256 ≥ 256 ND > 64 > 256 > 256 ≥ 256 
> 64 

KAN  16 16-32 ≥ 256 16 ND >64 > 256 32 16 
> 256 

AMI  0.5-1 1-2 1 1-2 ND 2 1 0.5-1 1-2 
1-2 

NEO  ≤ 1 1 1 1 ND 1 0.5-1 0.5-1 ≤ 1 
≤ 1 

PAR  1 2 2 2-4 ND 2-4 1-2 0.5-1 2 
1 

 

ND = No data. 

 

 


